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Case report: Cystic fibrosis with
kwashiorkor: A rare presentation
in the era of universal newborn
screening
Annemarie G. Wolfe*, Stephanie P. Gilley, Stephanie
W. Waldrop, Christina Olson, Emma Harding, Kaitlin Widmer,
Lindsey B. Gumer, Matthew Haemer and Jordana E. Hoppe

Department of Pediatrics, University of Colorado Denver Anschutz Medical Campus, Aurora, CO,
United States

Background: Universal newborn screening changed the way medical providers
think about the presentation of cystic fibrosis (CF). Before implementation of
universal screening, it was common for children with CF to present with
failure to thrive, nutritional deficiencies, and recurrent infections. Now, nearly
all cases of CF are diagnosed by newborn screening shortly after birth before
significant symptoms develop. Therefore, providers often do not consider
this illness in the setting of a normal newborn screen. Newborn screening
significantly decreases the risk of complications in early childhood, yet
definitive testing should be pursued if a patient with negative newborn
screening presents with symptoms consistent with CF, including severe
failure to thrive, metabolic alkalosis due to significant salt losses, or recurrent
respiratory infections.
Case presentation: We present a case of a 6-month-old infant male with
kwashiorkor, severe edema, multiple vitamin deficiencies, hematemesis
secondary to coagulopathy, and diffuse erythematous rash, all secondary to
severe pancreatic insufficiency. His first newborn screen had an
immunoreactive trypsinogen (IRT) value below the state cut-off value, so
additional testing was not performed, and his growth trajectory appeared
reassuring. He was ultimately diagnosed with CF by genetic testing and
confirmatory sweat chloride testing, in the setting of his parents being
known CF carriers and his severe presentation being clinically consistent
with CF. Acutely, management with supplemental albumin, furosemide,
potassium, and vitamin K was initiated to correct the presenting
hypoalbuminemia, edema, and coagulopathy. Later, pancreatic enzyme
supplementation and additional vitamins and minerals were added to
manage ongoing deficiencies from pancreatic insufficiency. With appropriate
treatment, his vitamin deficiencies and edema resolved, and his growth
improved.
Abbreviations

CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator; IRT, immunoreactive
trypsinogen.
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Conclusion: Due to universal newborn screening, symptomatic presentation of CF is
rare and presentation with kwashiorkor is extremely rare in resource-rich
communities. The diagnosis of CF was delayed in our patient because of a normal
newborn screen and falsely reassuring growth, which after diagnosis was determined
to be secondary to severe edematous malnutrition. This case highlights that newborn
screening is a useful but imperfect tool. Clinicians should continue to have suspicion
for CF in the right clinical context, even in the setting of normal newborn screen results.
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Introduction

Newborn screening for cystic fibrosis (CF) in the United

States was adopted in the early 1980s and became standard in

all fifty states by 2010 (1, 2). Prior to the implementation of

universal newborn screening and in countries where newborn

screening is not performed, many children were diagnosed

with CF after developing symptoms including malnutrition,

growth faltering, chronic cough, recurrent respiratory

infections/pneumonias, rectal prolapse, and/or electrolyte and

other nutritional abnormalities (1). Due to the success of

newborn screening, clinicians in high resource settings have

never seen a child present with symptomatic CF and may not

consider CF when these symptoms occur.

Early diagnosis of CF has been shown to improve outcomes due

to optimized nutrition and targeted interventions (3). Numerous

studies over the years continually reconfirm that patients do better

when diagnosis happens earlier (3–5). Improved growth,

presumably secondary to early initiation of pancreatic enzyme

replacement therapy and other vitamin supplementation, leads to

better pulmonary function throughout life as well as improved

neurological outcomes into adolescence. Malnutrition in children

with CF tends to lead to increased lung disease (3). Seventy

percent of infants that were symptomatic at presentation had more

hospitalizations in the first year of life and more complications,

including growth faltering, positive Pseudomonas aeruginosa

culture results, and electrolyte abnormalities when compared to

patients diagnosed prenatally or via newborn screening (6, 7).

Decreased chronic infection with Pseudomonas aeruginosa has also

been observed since implementation of universal newborn

screening (1) which leads to improved lung function.

Newborn screening is performed with measurements of

immunoreactive trypsinogen (IRT) and genetic testing but

testing protocols vary from state to state (8) (Figure 1). IRT is a

pancreatic precursor enzyme that is elevated in patients with CF

due to pancreatic duct blockage (9). An elevated IRT is not

specific to CF and can be elevated in the absence of CF,

particularly when infants are born premature, have low Apgar

scores, or experience perinatal stress (3). In all states, an IRT

level above a certain threshold is indicative of a positive screen;
02
however, the cutoff varies and is not specified in the American

College of Medical Genetics and Genomics guidelines (10),

allowing states to set their own threshold. Different procedures

for newborn screening for CF include IRT-only, IRT-IRT, IRT-

DNA, and IRT-IRT-DNA (8, 9, 11). IRT-only states measure

IRT levels in blood samples from newborns collected around 2

weeks of life and if elevated, proceed directly to sweat testing. In

IRT-IRT states, the first IRT sample is collected in the first few

days of life and if abnormal, a repeat IRT will be collected. If the

repeat IRT remains elevated, the next step is sweat chloride

testing (11). In IRT-DNA states, the sample is typically collected

in the first days of life and the sample is reflexively sent for DNA

testing if the IRT level is above a particular threshold. In IRT-

IRT-DNA states, the first sample is collected within 24 h of life,

and if negative, no further testing is done. If the initial IRT is

elevated in these states, IRT testing will be repeated on the

second screen, sent around 2 weeks of life. If the IRT remains

elevated, then reflex testing for mutations in the cystic fibrosis

transmembrane conductance regulator (CFTR) gene occurs,

either with a panel of common genetic variants seen in that state

or full genetic sequencing (12). For all states, patients flagged

with abnormal newborn screens have a protocol for

confirmatory testing with sweat chloride testing, which remains

the gold standard for diagnosing cystic fibrosis (9). All states

have varying, non-zero false negative rates, meaning that all

states will intermittently miss true cases of CF on the screen. It is

estimated that newborn screening with any IRT process

identifies approximately 95%–99% of newborns with CF (13).
Case presentation

A 6-month-old Caucasian male presented with 2 weeks of

fussiness, fever, and decreased activity and one episode of

hematochezia and hematemesis in the setting of 1 month of a

progressively worsening rash that started in his diaper area and

spread to the extremities, neck, and trunk (Figure 2). There was

no change in his rash with emollients or topical steroid use.

He was born full term without complications, passed

meconium in the first 24 h of life, and had a normal newborn
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FIGURE 1

Different algorithms for newborn screening processes measuring newborn IRT levels in blood spot testing. Levels for normal or elevated also vary
depending on the state. *Some states have automatic CFTR mutation analysis if the IRT level is above a certain threshold.

FIGURE 2

Patient’s lower extremities on presentation demonstrating edema
and diffuse rash with scaly plaques and bullous areas.
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screen. His initial IRT was 59.3 ng/ml (normal <60 ng/ml), so no

further testing was performed according to the state protocol.

Parents were both identified as CF carriers during the pregnancy.

His weight dropped from the 85th percentile at 2 months of age

to the 33rd percentile at 4 months of age which coincided with a

transition from exclusive direct breastfeeding to mostly bottle

feeding of expressed breast milk. Weight gain from that point

forward was consistent around the 35th percentile. His length,

however, dropped from the 73rd percentile at 2 months of age to

less than 3rd percentile at presentation at 6 months of age

(Figure 3). He was taking adequate volumes of breastmilk on

demand about every 3–4 h with occasional reflux episodes. He

was taking minimal solid foods at the time of admission. Vitamin

D supplementation was inconsistent. His stooling pattern was

reported as 3–4 times per day, soft consistency without malodor,

discoloration, or oil droplets except for one episode of bright red

blood per rectum immediately prior to admission. His mother

reported she had concerns about constipation due to crying and

fussiness with stooling. He had no respiratory symptoms such as

cough or history of pneumonia.

Physical examination on admission was remarkable for

generalized edema (facial, periorbital, peripheral) with a

diffuse, reddish-brown in color, serpiginous, rash with scaly
frontiersin.org
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FIGURE 3

Patient’s growth chart for weight from birth to present day with superimposed albumin values to highlight the impact of hypoalbuminemia on his
falsely reassuring growth curve. Circle points indicate hospital system measurements, asterisk points indicate outside of hospital measurements.
Albumin normal lab value range: 3.4–4.2 g/dl.

TABLE 1 Labs values at the time of presentation with normal reference
ranges.

Lab name Value Normal range

Sodium 130 mmol/L 134–143 mmol/L

Potassium 2.1 mmol/L 3.4–4.7 mmol/L

Albumin 1.6 g/dl 3.4–4.2 g/dl

Alanine transaminase (ALT) 186 U/L 12–45 U/L

Aspartate aminotransferase (AST) 159 U/L 20–60 U/L

Gamma-glutamyl transferase (GGT) 306 U/L 5–16 U/L

Ferritin 1,200 ng/ml 10–95 ng/ml

LDH 1,532 U/L 400–1,230 U/L

C-reactive protein 2.6 mg/dl 0.0–0.9 mg/dl

Retinol/vitamin A 6 µg/dl 19–77 µg/dl

25-hydroxy vitamin D 9.5 ng/ml 30–96 ng/ml

Vitamin E alpha tocopherol 1.9 µg/ml 3.8–20.3 µg/ml

PTT 75 s 22–37 s

INR >9

Zinc 0.25 mcg/ml 0.60–1.2 mcg/ml

Fecal pancreatic elastase 40 mcg/g >200 mcg/g

Wolfe et al. 10.3389/fped.2022.1083155
plaques at his extremities and perineal area (Figure 2). The rash

was most prominent in the flexural surfaces with darker purple

appearance in the intertriginous areas. There was an

approximately three centimeter left inguinal mass with

overlying purpura. His breathing was comfortable without any

adventitious breath sounds, and his abdomen was soft,

nontender, and without appreciable organomegaly, though

this was difficult to assess due to his anasarca. His hair was

thin and reddish in color.

Labs were notable for coagulopathy, hypoalbuminemia,

hyponatremia, elevated liver enzymes, elevated ferritin, elevated

lactate dehydrogenase (LDH), elevated c-reactive protein,

decreased 25-hydroxy vitamin D level, decreased retinol/vitamin

A level, decreased vitamin E alpha tocopherol level, and

decreased zinc level (Table 1). Stool was positive for occult blood.

Due to multiple fat-soluble vitamin deficiencies, fecal pancreatic

elastase was assessed and was low. His potassium was initially

normal, but quickly dropped to 2.1 mmol/L on the second day of

his hospitalization. He also tested positive for SARS-CoV-2 on

admission. Of note, his father had tested positive for SARS-CoV-

2 approximately 1 week prior to admission.

He was admitted and diagnosed with kwashiorkor with

prompt and cautious initiation of treatment for severe

malnutrition, electrolyte derangements, and coagulopathy.
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Consultants involved included gastroenterology, hepatology,

genetics/metabolism, allergy/immunology, cardiology,

hematology, nutrition physicians, pulmonology, infectious

disease, and dermatology. He received intravenous vitamin K

and was initially started on continuous nasogastric feeds with

breastmilk fortified with a high-protein extensively hydrolyzed

formula. He received intravenous antibiotics for inguinal

lymphadenopathy and cellulitis with intravenous antibiotics.

Based on his very low fecal elastase measurements without

diarrhea and his persistent edema and electrolyte

derangements, he was started on empiric pancreatic enzymes

on hospital day 10 pending a unifying diagnosis. Given the

severity of his presentation and the broad differential

diagnosis, rapid whole exome sequencing was pursued which

identified two mutations in CFTR: F508del and 1717-1G->A,

leading to a diagnosis of CF. No other genetic mutations were

identified. A sweat chloride test was not obtained during his

hospitalization due to the severity of his rash and electrolyte

derangements but was performed about 1 month after

hospitalization. One month after discharge, his sweat chloride

levels were elevated at 86 and 90 mmol/L (normal <60 mmol/L)

on his right and left arms respectively, confirming a diagnosis

of CF.

Ultimately, his presenting diagnoses of kwashiorkor and

coagulopathy were considered secondary to chronic CF-

associated pancreatic insufficiency and malabsorption.

Kwashiorkor explained his edema, hypoalbuminemia, elevated

liver enzymes, hypoglycemia, malabsorption, thin and reddish

hair, and rash. He demonstrated improvement with

continuous nasogastric feeds of fortified breastmilk,

supplemental fat-soluble vitamins, pancreatic enzymes, and

electrolyte replacements. He was discharged home on 24 kcal/

oz fortified oral and nasogastric feeds, DEKA vitamins,

supplemental vitamin D3 (cholecalciferol) and zinc, and

pancreatic enzymes. Additionally, he was started on twice

daily respiratory treatments with albuterol and chest

physiotherapy. After diuresis, his weight dropped to the 4th

percentile, which correlated with normalization of his albumin

(Figure 3), indicating that the appearance of his reassuring

growth prior to presentation was weight gain secondary to

edema and not true growth. After interventions, his weight

appropriately increased and his stunted length began to

normalize, signaling improved absorption and adequate

nutrition. Growth measurements 5 months after

hospitalization demonstrate significant recovery with weight at

the 45th percentile, length at the 11th percentile, and weight-

for-length at the 75th percentile.
Discussion and conclusion

Prior to newborn screening for CF, the average age at

diagnosis was 2.9 years (in 1995) and children typically
Frontiers in Pediatrics 05
presented with malnutrition and growth faltering (14).

Additionally, a symptomatic presentation could include

dehydration, steatorrhea or abnormal stools, electrolyte

abnormalities, recurrent respiratory infections and sinus

disease, or meconium ileus at birth. Electrolyte derangements

most commonly included hyponatremic, hypochloremic, and

hypokalemic metabolic alkalosis along with hypoproteinemia

and edema (15). Fat soluble vitamin deficiencies were

common due to pancreatic insufficiency. It is now well-known

that CF outcomes are improved in patients who are diagnosed

earlier in life (1, 14). In the early 1990s, Farrell et al.

demonstrated that patients diagnosed earlier had significantly

higher height and weight percentiles not only at the time of

diagnosis, but also during the 10-year follow up period. They

also found that patients diagnosed by newborn screening

rather than symptoms had less severe lung disease during

childhood (14). Today, most individuals with CF are

diagnosed through newborn screening and subsequent

confirmatory testing. The 2021 United States Cystic Fibrosis

Foundation Registry Annual Data Report, as expected, reports

that the majority of those diagnosed with CF in the first year

of life are asymptomatic or mildly symptomatic due to

newborn screening, DNA analysis, and prenatal testing (16).

This means that the current generation of providers,

particularly general practitioners, are not familiar with

symptomatic presentation. Being unable to recognize

symptomatic presentation of CF means that questionable

symptoms may go unnoticed for longer in the setting of a

normal newborn screen. Cases of CF presenting with

kwashiorkor secondary to severe pancreatic insufficiency were

documented prior to newborn screening and continue to be

reported occasionally in low-resource communities (17–19).

Kwashiorkor is a form of severe protein energy malnutrition

seen in infants and young children and is more prevalent in

low resource communities (20, 21). Manifestations can involve

all body systems and are notable for peripheral pitting edema,

marked muscle atrophy, depletion of fat stores, low weight-

for-height, reduced mid-upper arm circumference, thin and

dry skin, rash, dry hypopigmented hair, hepatomegaly from

fatty liver infiltrates with abdominal distention, bradycardia,

hypotension, and hypothermia (20). Other less commonly

seen features include elevated liver enzymes, low serum

concentrations of trace metals, and elevated ferritin

concentrations (20). With implementation of universal

newborn screening in the United States, CF presenting with

kwashiorkor is now rarely seen, and as such, providers may

not consider CF on the differential. According to the 2021 CF

Registry Annual Data Report, no infants with CF have

presented with edema at the time of diagnosis, highlighting

the rarity of kwashiorkor (16). Our patient was receiving

adequate intake by volume as assessed by parent report,

leading to the concern that his kwashiorkor had an

underlying cause rather than chronic inadequate intake.
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Many patients with CF-related kwashiorkor have the

characteristic kwashiorkor dermatosis: a rash with diffuse

erythematous plaques, desquamation, and hyperpigmentation

followed by peeling (18, 19, 22, 23). Similar appearing rashes can

occur in patients with essential fatty acid deficiency (24) or severe

zinc deficiency, particularly, acrodermatitis enteropathica, a rare

genetic condition where intestinal zinc absorption is impaired

(23, 25, 26). These diagnoses should also be considered, and a

thorough dietary history is extremely important.

Newborn screening has resulted in identification of CF early in

life, although not without false negatives. Children who are

diagnosed with CF after a false negative newborn screen tend to

have worse respiratory outcomes (7). Our patient’s first newborn

screen, obtained at 24 h of life, was reported as normal due to an

IRT value of 59.3 ng/ml. He was born in an IRT-IRT-DNA state

with a fixed cutoff of 60 ng/ml. Because his initial screen fell below

the fixed cutoff, it was reported as normal, and so did not trigger

repeat IRT or CFTR gene sequencing. His falsely normal newborn

screen resulted in delayed consideration of CF as the cause for his

rash, edema, and linear growth faltering. His substantial edema

made his weight appear normal, providing further false

reassurance due to what appeared to be adequate weight gain.

To attempt to limit the number of false negative cases and

increase the sensitivity of screening, the cutoff values for

newborn screening in our state have been adjusted (27).

Instead of strict single cutoff value, the newborn screen process

has been modified to have a floating cutoff calculated each day

based on percentiles from daily IRT samples for the initial

sample and fixed IRT cutoff of 50 ng/ml on the second sample.

Variation in daily average IRT values have been observed with

changes in seasons and reagents in the bloodspot kits, which

supports the use of a floating cutoff (28). This also highlights

that newborn screening programs should periodically re-

evaluate their algorithm to identify areas for potential

improvement. Areas for improvement include education,

communication, and accuracy (2). Our case also emphasized

the fact that the newborn screen is only a screen and not

diagnostic; a reportedly normal value so close to the cutoff may

warrant further evaluation, especially in children of parents

who are known carriers. Clinicians should maintain a high

index of suspicion for CF when infants present with pancreatic

insufficiency, severe edematous malnutrition, and/or persistent

respiratory infections, or when both parents are CF carriers,

even in the setting of a negative newborn screen. Any child

with symptoms consistent with CF should undergo diagnostic

sweat chloride testing and subsequent genetic testing, if indicated.
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